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(g) CDIMA communication with multipiex transmission of data over a wide range from a iow to a high 
rate. 

(§7) A CDMA communications method capable of 
multiplex transmission of data over a wide 
range from a low rate to liigh rate such as image 
data without a considerable increase in a circuit 
scale. A fundamental transmission rate is deter- 
mined, for example, at 32 kbps, a rate higher 
than 8 kbps conventionally used. The data 
whose transmission rate is equal to the funda- 
mental transmission rate is transmitted in 
frames including no vacant portion. Data whose 
transmission rate Is lower than the fundamental 
transmission rate (16 kbps, for example) are 
transmitted in frames including vacant portions. 
The vacant portions are not transmitted. This 
makes it possible to receive data through other 
channels during a time period associated with 
the vacant portions. Data of a higher transmis- 
sion rate, 128 kbps, for example, can be multip- 
lexed and transmitted through four channels x ^ 
using different spreading codes. s § |< 
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The present invention relates to a CDMA (Code 
Division Multiple Access) communications metlioci 
and system preferably applied to mobile communica- 
tions. 

CDMA communication systems carry out a pri- 
mary modulation of original data to be transmitted by 
QPSK or the like, and a secondary modulation of the 
primary modulation signal to enlarge the bandwidth 
by a spreading code such as a PN code (Pseudo-Noi- 
se code). The bit rate of the spreading code is called 
a chip rate, which is several tens to several hundreds 
ti mes higher than the bit rate of the original data. Each 
user performs communications using the same fre- 
quency band, and is identified by a spreading code. 

Conventional CDMA systems arrange the original 
data into frames, perform the primary and secondary 
modulations of the frames, and transmit them. During 
communications, there are silent intervals, in which 
the modulations are stopped, and the transmission is 
interrupted. This prevents useless radio waves from 
being emitted, thereby suppressing interference pow- 
er to other mobile stations. On the other hand, data 
whose transmission bit rate is less than that of voice 
coded data is transmitted by making vacant positions 
In a bit series in a frame, and stopping modulation of 
the vacant positions. The modulation is interrupted in 
either case. 

However, since the interruption is carried out in a ran- 
dom manner, the receiving side cannot utilize this va- 
cant time for other purposes such as receiving broad- 
casting information transmitted from base stations. 

Data rates of voice codecs for cellular systems 
are ranging from 8-16 kbps. Low rate data (e.g., 1 .2- 
4.8 kbps) as well as facsimile data are also handled 
as important cellular services. Furthermore, it will be- 
come necessary in the near future to transmit signals 
of the ISDN (Integrated Service Digital Network) in 
addition to the low bit rate data transmission. Image 
codecs currently available generally employ trans- 
mission rates of 64 kbps or 384 kbps. To achieve flex- 
ible transmissions of low rate data to high rate image 
data, the multimedia transmission including images 
requires code division multiplexing in the CDMA sys- 
tems. 

Figs. 1A- 1C Illustrate a code division multiplex- 
ing method when a high rate transmission is canried 
out in a conventional CDMA system. Fig. 1 A shows a 
fundamental channel whose fundamental transmis- 
sion rate is fb bps. A frame includes a synchronizing 
word SW, and a traffic channel TCH. Figs. 18 and 1C 
illustrate the frame arrangements when the transmis- 
sion rate Is twice and four times as that of the funda- 
mental transmission rate, respectively. When the 
transmission rate is twice, that is. 2fb bps, two traffic 
channels are transmitted In parallel by using two dif- 
ferent spreading codes (which is referred to as a two- 
channel parallel transmission) as shown in Fig. 1B, 
and when the transmission rate is four times, 4fb bps, 



the data is transmitted by the four-channel parallel 
transmission as shown In Fig. 1C. 

When the transmission rate of a coded voice sig- 
nal is 8 kbps, for example, and this transmission rate 

5 Is adopted as the fundamental transmission rate of a 
fundamental channel, an 8-channel code division 
multiplexing Is required to transmit data at a transmis- 
sion rate of 64 kbps. Moreover, a 256-channel code 
division multiplexing is required to transmit data at a 

10 transmission rate of 2 Mbps. 

The conventional CDMA systems detenmine the 
transmission rate of the coded voice signal, which is 
most frequently used, as the fundamental transmis- 
sion rate of the channel, and makes a frame corre- 

15 spending to the fundamental transmission rate as the 
fundamental frame. A high-speed transmission such 
as multimedia transmission is performed by parallel 
transmission of a plurality of fundamental channels at 
the transmitting side, and by discriminating the indi- 

20 vidual channels by correlators at the receiving side. 
This presents a problem in that the circuit scale of a 
transmitter and a receiver Increases with the degree 
of multiplexing. 

Furthermore, In the CDMA mobile communica- 

25 tions, communication quality will be degraded as a 
mobile station moves apart from a base station during 
communications. Accordingly, to maintain a high 
quality communication state. It becomes necessary 
to search for a new base station close to the mobile 

30 station during the communication and connect the 
mobile station to the new base station. 

However, since a user occupies the entire frame 
for the communication, and there is no vacant time in 
the frame time for searching for a new base station 

35 to be connected, it is impossible to detect the new 
base statfon, to which the mobile station switches the 
communication. Therefore, the detection must be 
performed at the base station side rather than the mo- 
bile station side. More specifically, both the base sta- 

40 tlon which is communicating with the mobile station, 
and neighboring base stations receive the signal from 
the mobile station, measure the power of the received 
signal, and selects the base station whose received 
signal has the maximum power as the new base sta- 

45 tion. This, however, presents a problem in that an 
amount of processing at the base station side increas- 
es with the increase in the number of the mobile sta- 
tions. On the other hand, to perfonm this detection at 
the nrK)bile station side, the mobile station must be 
50 provided with another secondary demodulation sys- 
tem (or decorrelator) for measuring the power of the 
control channels transmitted from neighboring base 
stations. 

Each base station continuously or periodically 
55 transmits, through a common control channel, posi- 
tion information of the base station, and spreading 
codes used by the neighboring base stations, as well 
as communication data to mobile stations. In addition. 
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broadcasting data such as weather forecast and 
stock prices, and paging data can also be transnnitted. 
To receive these data (broadcasting data or paging 
data) during the communication, a conventional mo- 
bile station requires another demodulation system in 
addition to the demodulation system for the original 
communications. 

Providing two demodulation systems in the mo- 
bile station presents a problem in that it will increase 
size, weight, and consuming power of the mobile sta- 
tion. 

An emt>odiment of the present invention provides 
a CDMA communications method and system which 
can implement variable rate data transmission from a 
high-rate to low-rate with a small amount of an in- 
crease in circuitry of transceivers. 

An embodiment of the present invention provides 
a CDMA communications method and system which 
can detect a base station, to which a mobile station 
is to be newly connected, at the mobile station side 
during the communication. 

In another embodiment the present invention pro- 
vides a CDMA communications method and system, 
wherein a mobile station can receive various channel 
data transmitted from base stations while the mobile 
station is communicating. 

In a first aspect of the present Invention, there is 
provided a CDMA (Code Division Multiple Access) 
communications method for transmitting transmis- 
sion data through one or more channels between 
base stations and a mobile station, the method com- 
prising the steps of: 

generating a frame including at least a part of 
the transmission data and a vacant portion when a 
transmission rate of the transmission data is lower 
than a predetermined rate, the vacant portion having 
no data to be transmitted; 

performing a primary nrK>dulation of the frame 
to produce a primary modulation signal; 

performing a secondary modulation of the pri- 
mary modulation signal using a spreading code, to 
produce a secondary modulated wideband signal, the 
spreading code being different for each of the chan- 
nels; and 

transmitting the wideband signal using a car- 
rier. 

Here, the step of generating a frame may com- 
prise the steps of: 

predetermining a transmission rate higher 
than a minimum transmission rate as a fundamental 
transmission rate; and 

determining a frame length such that the frame 
includes no vacant portion when data is transmitted 
at the fundamental transmission rate. 

The minimum transmission rate may be a rate of 
transmitting a voice signal. 

The CDMA communications method may further 
comprise the step of generating a plurality of frames 



to be assigned to a plurality of the channels when data 
is transmitted at a rate higher than the fundamental 
transmission rate. 

The step of generating a frame may comprise the 
5 step of time-compressing the transmission data by a 
factor of N at every time period T (N is an integer 
greater than one, and T is the length of a frame at the 
fundamental transmission rate) when the transmis- 
sion rate of the transmission data is 1/N of the f unda- 
10 mental transmission rate, thereby providing the frame 
with the vacant portion. 

The CDMA communications method may further 
comprise the steps of: 

obtaining the primary modulation signal by re- 
15 ceiving a wideband signal associated with one of the 
channels, and by despreading the wideband signal 
using a spreading code; and 

restoring the transmission data by primarily 
demodulating the primary modulation signal obtained 
20 at the step of obtaining, and by time-expanding the 
demodulation output by a factor of N. 

The CDMA communications method may further 
comprise the steps of: 

measuring received power of a common con- 
25 trot channel signal transmitted from a base station 
other than a base station with which the mobile sta- 
tion is communicating, by switching the spreading 
code during a time period corresponding to the vacant 
portion in the frame; and 
30 deciding during communications a base sta- 

tion to which the communication Is to be switched in 
accordance with the received power. 

The CDMA communications method may further 
comprise the steps of: 
35 receiving common control channel data trans- 

mitted from at least one of the base station during a 
time period corresponding to the vacant portion of the 
frame by switching the spreading code; and 

demodulating the common control channel 

40 data. 

The step of generating a frame may comprise the 
step of generating a frame from the transmission data 
by using a plurality of T/N long portions in the frame, 
the transmission data having a transmission rate 

45 equal to or less than (N-1 )/N times of the fundamental 
transmission rate of the channel, where N is an inte- 
ger equal to or greater than three. 

In a second aspect of the present invention, there 
is provided a CDMA (Code Division Multiple Access) 

50 communications apparatusfortransmitting transmis- 
sion data through one or more channels between 
base stations and a mobile station, the apparatus 
comprising: 

means for generating a frame including at least 

55 a part of the transmission data and a vacant portion 
when a transmission rate of the transmission data is 
lower than a predetermined rate, the vacant portion 
having no data to be transmitted; 
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means for performing a primary modulation of 
the frame to produce a primary modulation signal; 

means for performing a secondary modulation 
of the primary modulation signal using a spreading 
code, to produce secondary modulated wideband sig- 5 
nal, the spreading code being different for each of the 
channels; and 

means for transmitting the wideband signal us- 
ing a carrier. 

The means for generating a frame may comprise: io 
means for predetermining a transmission rate 
higher than a minimum transmission rate as a funda- 
mental transmission rate; and 

means for determining a frame length such 
that the frame includes no vacant portion when data is 
is transmitted at the fundamental transmission rate. 

The minimum transmission rate may be a rate of 
transmitting a voice signal. 

The CDMA communications apparatus may fur- 
ther comprise means for generating a plurality of 20 
frames to be assigned to a plurality of the channels 
when data is transmitted at a rate higher than the fun- 
damental transmission rate. 

The means for generating a frame may comprise 
means for time-compressing the transmission data 25 
by a factor of N at every time period T (N is an Integer 
greater than one. and T is the length of a frame at the 
fundamental transmission rate) when the transmis- 
sion rate of the transmission data is 1/N of the funda- 
mental transmission rate, thereby providing the frame 30 
with the vacant portion. 

The CDMA communications apparatus may fur- 
ther comprise: 

means for obtaining the primary modulation 
signal by receiving a wideband signal associated with 35 
one of the channels, and by despreading the wide- 
band signal using a spreading code; and 

means for restoring the transmission data by 
primarily demodulating the primary modulation signal 
obtained by the means for obtaining, and by time- 40 
expanding the demodulation output by a factor of N. 

The CDMA communications apparatus may fur- 
ther comprise; 

means for measuring received power of a com- 
mon control channel signal transmitted from a base 45 
station other than a base station with which the mo- 
bile station is communicating, by switching the 
spreading code during a time period corresponding to 
the vacant portion In the frame; and 

means for deciding during communications a so 
base station to which the communication is to be 
switched in accordance with the received power. 

The CDMA communications apparatus may fur- 
ther comprise: 

means for receiving common control channel 55 
data transmitted from at least one of the base station 
during a time period corresponding to the vacant por- 
tion of the frame by switching the spreading code; and 



means for demodulating the common control 
channel data. 

The means for generating a frame may comprise 
means for generating a frame from the transmission 
data by using a plurality of T/N long portions in the 
frame, the transmission data having a transmission 
rate equal to or less than (N-1 )/N times of the funda- 
mental transmission rate of the channel, where N is 
an integer equal to or greater than three. 

According to an aspect of the present invention, 
since a transmission rate greater than the widely used 
voice transmission rate (8 kbps, for example) is se- 
lected as the fundamental transmission rate, the 
number of channels to be multiplexed is reduced as 
compared with that of the conventional systems when 
data of a higher transmission rate is transmitted. As 
a result, the circuit scale of a multiplexing circuit, and 
that of a division circuit can be reduced. In addition, 
although a data transmission requires the entire 
channel even if its transmission rate is less than the 
fundamental transmission rate, the average trans- 
mission power is reduced because only part of the 
frame is used in this case, and hence, the interfer- 
ence power to other channels are reduced. As a re- 
sult, capacity in terms of the number of subscribers of 
the system in accordance with the present invention 
is the same as that of the conventional CDMAsystem 
using a minimum transmission rate as the fundamen- 
tal rate. In other words, the present invention, which 
adopts a rate higher than the minimum transmission 
rate as the fundamental rate, is not inferior to the con- 
ventional system in capacity in terms of the number 
of subscribers. 

In addition, since a vacant portion is provided in 
each frame when a transmission rate is lower than 
the fundamental transmission rate, a mobile station 
can receive, during the communication, the common 
control data from other base stations by switching 
spreading codes in the vacant portion. Furthermore, 
comparing the received powers of common control 
channels transmitted from neighboring base stations 
makes it possible to determine the base station, to 
which the mobile station is to be newly connected. In 
this case, since the two demodulation systems which 
are required in the conventional mobile station can be 
replaced with a single demodulation system, the in- 
crease in hardware is small. 

The above and other objects, effects, features 
and advantages of the present invention will become 
more apparent from the following description of the 
embodiments thereof taken in conjunction with the 
accompanying drawings. 

Figs. 1A - 1C are schematic diagrams Illustrating 

channel arrangements of a conventional parallel 

transmission method at various transmission 

rates; 

Figs. 2A- 2D are schematic diagrams illustrating 
channel arrangements of a parallel transmission 
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method in accordance with the present invention 

at various transmission rates; 

Fig. 3 is a block diagram showing an embodiment 

of a transmitter of a base station, to which the 

paraiiei transmission method in accordance with 

the present invention is applied; 

Fig. 4 is a block diagram showing an embodiment 

of a receiver, to which the parallel transmission 

method in accordance with the present invention 

is applied; 

Fig. 5 is a block diagram showing a base station, 
to which the CDMA communications method in 
accordance with the present invention is applied; 
Figs. 6A- 6C are schematic diagrams illustrating 
an example of forming traffic packets at the base 
station of Fig. 5; 

Fig. 7 is a block diagram showing a mobile sta- 
tion, to which the CDMA communications method 
in accordance with the present invention is ap- 
plied; 

Figs. 8A- 8E are schematic diagrams illustrating 
receiving operation at the mobile station of Fig. 7; 
and 

Figs. 9A- 9F are schematic diagrams illustrating 
another example of forming traffic packets at the 
base station of Fig. 5. 

Non-limiting embodiments of the invention will 
now be described with reference to the accompanying 
drawings. 

Figs. 2A - 2D show the Wea of the CDMA trans- 
mission method in accordance with the present inven- 
tion. In the present invention, a fundamental trans- 
mission rate fb bps is determined such that it is a few 
times greater than a voice transmissk>n rate which 
has been conventionally used as the fundamental 
transmission rate. For example, a transmission rate 
of 32 kbps, which is four times greater than the con- 
ventional transmission rate of 8 kbps. is selected as 
the fundamental transmission rate. A frame of the 
fundamental transmission rate includes a synchron- 
izing word SW, and a traffic channel TCH. A spec- 
trum-spread wideband signal is generated by in- 
creasing the fundamental transmission rate by a fac- 
tor of the processing gain (bandwidth spreading fac- 
tor) through the primary and secondary modulations. 

When the transmission rate of data is lower than 
the fundamental transmission rate fb bps, such as a 
low transmission rate coded voice, the original traffic 
channel TCH in a frame of the fundamental transmis- 
sion rate is thinned out as shown in Figs. 2B and 2C, 
where the length of a frame is indicated by T. Figs. 2B 
and 2C illustrate cases when data are transmitted at 
a transmisston rate {iJ2) bps, or half the fundamental 
transmission rate fb bps. In Fig. 2B, the latter half of 
the traffic channel TCH is emptied, and in Fig. 2C, the 
traffic channel TCH is divided into eight portions, and 
portions at even positions are cleared. These por- 
tions in the frame other than those used to transmit 



data are called vacant portions, in which no data are 
transmitted. The vacant portions can be arranged in 
many other ways, as well. 

In the CDMA method which transmits a signal af- 
5 ter spreading it into a wideband signal by a PN (Pseu- 
do-noise) code or a Gold code, the capacity in terms 
of the number of subscribers per unit bandwidth is de- 
termined by interference power including noise pow- 
er. In this embodiment, since data whose transmis- 
10 sion rate is lower than the fundamental transmission 
rate are transmitted by thinning out the traffic chan- 
nel TCH In a frame to make vacant portions, and a sig- 
nal is not transmitted in the vacant portions, the inter- 
ference on the other channels is reduced. For exam- 
15 pie, the interference power on the other channels due 
to the transmission signal of Figs. 28 and 2C is re- 
duced to half the power of a frame which is not thin- 
ned out. As a result, the capacity in terms of the nunrv 
ber of subscribers can be doubled. In other words, the 
20 number of subscribers is automatically increased at a 
low transmission rate as compared with the number 
of subscribers at the fundamental transmission rate. 
In this case, the fundamental transmission rate is 
twice the coded voice rate, and hence, the system of 
25 the present invention requires a double bandwkJth of 
the conventional CDMA system. Accordingly, the ca- 
pacity is the same as that of the conventtonal system. 
No disadvantage is seen. 

On the other hand, when the transmission rate of 
30 data is higher than the fundamental transmission rate 
fb bps, such as 4fb bps as shown in Fig. 2D, for exann- 
ple, a plurality of (four in this case)differentspreading 
codes are used to carry out the parallel transmission 
of individual channels. In this case, since the funda- 
35 mental transmisston rate is set higher than the con- 
ventional one (four times higher in this case), the 
number of channels required is reduced from 16 
channels to 4 channels. Since the number of channels 
of the parallel transmission is reduced, the scale of a 
40 modulation circuit at the transmisston side, and that 
of a demodulation circuit at the receiving side are re- 
duced as compared with those of the conventional 
system. 

Fig. 3 shows an emt)odiment of a transmitter of 
45 a base station for implementing the method in accor- 
dance with the present invention. 

Each of n frame generation circuits 11^ - 11n (n is 
a positive integer) generates frames, each of which 
includes a synchronizing word and a traffic channel 
50 as shown in Figs. 2A- 2D, for each input data. The 
frame generation circuit 11^ (k = 1 - n) has three input 
terminals: an input terminal 12k, to which data of the 
fundamental transmission rate fb bps are inputted, an 
input terminal connected to the output terminal of a 
55 TCH (traffic channel) frame thin-out circuit 13k, and 
an input terminal connected to a k-th one of the n out- 
put terminals of a serial-to-parallel converter 14 which 
converts data, whose transmisston rate is ifb bps (i is 
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an integer greater than one and equal to or less than 
n), into i parallel data. 

Each TCH frame thin-out circuit 13|t has an input 
terminal 15k, to which data of an ft/m bps (m is an in- 
teger greater than 1) transmission rate are applied, s 
and converts the input data into thinned-out TCH data 
which are discretely Inserted into the traffic channel 
TCH of a frame in a time division fashion as shown in 
Figs. 2B and 2C. Data of an ifb bps transmission rate 
are inputted to the serial-to-parallel converter 14 io 
through an input terminal 1 6. The data supplied to the 
input terminals 12i - 12n, 15i - 15^, and 16 are con- 
trolled at the preceding stage, so that only one of the 
three input terminals of the frame generation circuit 
11i - 11n is provided with the input data. 15 

The serial-to-parallel converter 14 receives data 
of an ifb bps transmission rate, converts them into i 
sets of parallel data, each of which has the fundamen- 
tal transmission rate fb bps, and distributes each set 
to each one of the frame generation circuits 11 1 - 11,. 20 

The output of the frame generation circuit 11^ is 
supplied to a primary modulation circuit 17^, and Is 
converted into two signals (in-phase signal I and 
quadrature signal Q) in accordance with the modula- 
tion method (QPSK, for example). The two signals 25 
produced from the primary modulation circuit 1 7^ are 
supplied to complex multiplier 19^, where the two sig- 
nals are each multiplied by a spreading code supplied 
from a spreading code generator ISk, and are spec- 
trum spread. The spreading code generators IS, - 1 8n 30 
generate spreading codes different from each other. 
All the I signals which are spectrum spread and out- 
putted from the complex multipliers 1 9i - 1 9n are add- 
ed by an adder 21,, and all the Q signals which are 
spectrum spread and outputted from the complex 35 
multipliers 19i - 19n are added by an adder 21q. The 
outputs of the adders 21, and 21q are converted into 
analog signals by D/Aconverters 22| and 22q, respec- 
tively. After that, the analog signals, which are passed 
through low-pass filters 23, and 23q, are inputted to 40 
a quadrature modulator 24, which quadrature-modu- 
lates an intermediate frequency signal from an oscil- 
lator 25 by the input signals. The modulated signal is 
passed through a band-pass filter 26, amplified by an 
amplifier 27, inputted to a mixer 28, and frequency- 45 
mixed with a carrier signal from an oscillator 29. The 
output of the mixer 28 is passed through a bandpass 
filter 31, power-amplified by an amplifier 32. output- 
ted to an output tenminal 33, and is radiated from an 
unshown antenna as an electric wave. 50 

Fig. 4 shows an embodiment of a receiver receiv- 
ing a signal transmitted from the transmitter of Fig. 3. 
The received signal at an input terminal 41 is passed 
through a bandpass filter 42, amplified by an ampli- 
fier 43, and is frequency-mixed with a signal from an 55 
oscillator 45 by a mixer 44. The mixed output is 
passed through a bandpass filter 46, so that the in- 
termediate frequency component is passed. The in- 



termediate frequency signal is amplified by an auto- 
matic gain control amplifier 47 to a signal whose level 
is substantially constant. The amplified output is con- 
verted into baseband I and Q signals by a quadrature 
detector 48 using a signal from an oscillator 49. The 
I and Q signals are passed through low-pass filters 
51, and 51q, and inputted to A/D converters 52, and 
52q which convert them into digital signals, respec- 
tively. The outputs of the A/D converters 52, and 52q 
are divided into n signals by a signal distribution cir- 
cuit 53, and 53q, and are inputted to n matched filters 
54i - 54n, respectively. The matched filters 54^ - 54n 
take correlations between the input signals and 
codes associated with n spreading codes at the trans- 
mitter side, and spectrum-despread the input signals. 
The respective matched filters separate multipath 
components having different time delays. 

RAKE denrKDdulators 55i - 55^, receiving the out- 
put of the matched filters 54i - 54n, weight and add the 
separated multipath components coherently, and de- 
modulate the added result. The output of the RAKE 
demodulator 551 is supplied to a rate conversion cir- 
cuit 56 for data communications of the rate less than 
or equal to fb bps. The rate conversion circuit 56 out- 
puts the data in continuous mode. Thus, when the 
transmission rate of the received signal is fb/m bps, 
where m is an integer equal to or greater than one, de- 
modulated data is obtained at the output terminal 59, 
On the other hand, when the transmission rate of the 
received signal is ifb bps, signals of the individual 
channels, each having a transmission rate of fb bps, 
are converted into a serial signal of ifb bps by the par- 
allel-to-serial converter 57, and the serial signal is 
outputted from an output temiinal 58. A nrvDbile receiv- 
er which provides data communications whose rate is 
less than or equal to fb bps requires only one set of de- 
modulation circuit (a matched filter plus a RAKE de- 
modulator), thereby making the circuit scale small. 

There are two methods for thinning out the traffic 
channel TCH. A first method makes the transmitting 
timings of the frames random at each base station. A 
second method makes the arrangement of the data in 
a frame random, and assigns the random arrange- 
ments to respective users. The random arrangement 
can be prepared, for example, from the user number 
and random patterns. According to the first method, 
the base station transmits the information on TCH 
(traffic channel) rate to the mobile station so that a 
mobile station can properly pick up data in the traffic 
channel. According to the second method, it is suffi- 
cient fora base station to provide a mobile station with 
information on the anrangement pattern correspond- 
ing to the transmission rate. 

Fig. 5 shows a major portion of a base station 
which employs the first method. In this embodiment, 
the transmission rate of data inputted to channel input 
terminals 111 1 - llln is 1/N of the fundamental trans- 
mission rate, where N is a positive integer. In other 
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words, the data have a temporal length N times longer 
than the same amount of data of the fundamental 
transmission rate. The data are supplied to TCH 
frame thin-out circuits 112i - 112n, and are time- 
compressed by a factor of N (N = 4 in Figs. 6A - 6C) 
at every time period T to form packets, where T Is the 
length of a frame of the fundamental transmission 
rate. These packets undergo the primary modulation 
in primary modulators 113i - 113n, and then the spec- 
trum-spreading modulation in secondary modulators 
(spreading modulators) 114i - 114n. thereby being 
converted into wideband signals. The spreading mod- 
ulators 114i - 114n receive different spreading codes 
Ci - Cn from spreading code generators 115i - 115,,. 

In this case, the packets Pi - P„ generated by the 
TCH frame thin-out circuits 112i - 112n have random 
time relationships with each other as shown in Figs. 
6A - 6C. This is allowable because the plurality of 
packets are each associated with different spreading 
codes, and hence, the packets can be separated at 
the receiving side even if they overlap with each other 
temporally. Accordingly, as soon as individual chan- 
nel signals are inputted, they can be formed into pack- 
ets without any time adjustments. 

Base stations have, in addition to the traffic chan- 
nels, common control channels for transmitting con- 
trol information such as identification information of 
respective base stations, and paging information. 
Furthermore, a weather forecast, and other broad- 
casting information can be transmitted as required. 
The information on the common channel is spread by 
spreading code Cc different from the spreading codes 
Ci - Cn for communications, and is transmitted from 
common control channel transmitting portion 116. 
The outputs of the spreading modulators 114i - 114^+1 
are combined, supplied to an output terminal 117, and 
transmitted from a transmitter not shown in Fig. 5 as 
an electric wave. 

Fig. 7 shows a major portion of a mobile station, 
to which the present invention is applied. Electric 
waves from base stations are received by a receiving 
portion not shown in Fig. 7, and are inputted to an in- 
put terminal 121 after converted into an intermediate 
frequency signal. The intermediate frequency signal 
is despread by a spreading code assigned to the com- 
municatton, for example, by the spreading code C2. 
The despread output undergoes the primary demod- 
ulation by a primary demodulator 124. The demodu- 
lated output is inputted to a frame detector 125 which 
detects the period T and temporal positions of pack- 
ets, and outputs frame pulses as shown in Fig. 8A. 
The frame pulses are supplied to a controller 126 
which controls a switch 127 so that packets P2 ob- 
tained by the despreading using the spreading code 
C2 are supplied to a rate conversion circuit 128. The 
rate conversion circuit 1 28 expands the packets P2 by 
a factor of N. Thus, the transmission data, which is in- 
putted to the channel input terminal III2, and whose 



transmission rate is 1/N of the fundamental transmis- 
sion rate, is outputted from an output terminal 129. 

The controller 126 controls the spreading code 
generator 123 so that the spreading code (Cc* for ex- 
5 ample) associated with the common control channel 
of the current base station or each of the neighboring 
base stations is outputted from the spreading code 
generator 123 during a portion (for example, portion 
To3 as shown in Figs. 8D and 8E) other than the por- 
10 tion T01 which receives the packet P2 in each frame 
as shown in Fig. SB. In addition, the controller 126 
changes the switch 127 so that the output terminal of 
the primary demodulator 124 is connected to a side 
of a received power measurement circuit 131 and a 
15 common control data demodulator 132. Accordingly, 
as shown in Fig. 8E, during the portion T03 in a frame, 
the common control channel from a base statran is re- 
ceived, and the received power is measured by the re- 
ceived power measurement circuit 131. Thus, the re- 
20 ceived power measurement is carried out in the por- 
tion To3 of each frame by switching the spreading 
code to one of the spreading codes associated with 
the common control channels of the neighboring base 
stations. Then, the base station having the common 
25 control channel which is associated with the maxi- 
mum received power is selected as the base station, 
to which the communication is to be switched, by a 
base station decision circuit 133 (which is usually in- 
cluded in the controller 126). 
30 Changing the base station is required for contin- 

uous communication when measurement of the pow- 
er of the received signal from the current base station 
is carried out in the portions T01. and the receiving 
quality degrades below an allowable level during the 
35 communicatton. In this case, the nnobile station pro- 
vides, through the traffic channel, the current base 
station with information on the base station, to which 
the communication is to be switched, so that the 
switching to the new base station is perfonmed. The 
40 channel switching operation of the traffic channel can 
be achieved in the same manner as a conventional 
method. The present invention differs from the con- 
ventional method in that the decision of the base sta- 
tion, to which the communication is to be switched, is 
45 made at the mobile station side, whereas the conven- 
tional method decides it at the base station side. 

A comnr>on control data demodulator 132 can de- 
modulate various broadcasting data or a paging dur- 
ing communteation by supplying the despreading cir- 
50 cuit 122 with the spreading code associated with the 
common control channel during a portion (T03, for ex- 
ample) other than the traffic packet receiving portion 
T01. Measuring of the received power and reception of 
the common control data can be carried out in the 
55 same frame. For example, two identical length vacant 
portions T03 and T04 other than the packet receiving 
portion Tqi in a frame are selected, and one of them 
is used to measure the received power by providing 
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the despreading circuit 122 with the spreading code 
associated with the common control channel from a 
neighboring base station. 

The data to be transmitted from the mobile sta- 
tion have a transmission rate of 1/N of the fundamen- s 
tal transmission rate. ATCH frame thin-out circuit 136 
of Fig. 7 receives the data through an input terminal 
135, and temporally compresses the data by a factor 
of N every frame interval T to form packets as shown 
in Fig. 8C. The packets are assigned to a vacant por- io 
tion (for example, T02) other than the receiving por- 
tions T01 and To3 by the controller 126. The packets 
undergo the primary modulation by a primary modu- 
lator 137. The primary modulation output is spec- 
trum-spread nrKKJulated by a secondary modulator 15 
(spread nrwdulator) 138 using a spreading code C21 
from a spreading code generator 139, and the spec- 
trum-spread wideband signal is transmitted through 
a terminal 141, a transmitter not shown in Fig. 7, and 
an antenna for both transmitting and receiving. Since 20 
the transmit and receive portions are separated, the 
same radio carrier frequency can be used for trans- 
mitter and receiver. However, if different frequencies 
are used, transmitting and receiving can be per- 
formed at the same time (for example, at the portion 25 
T01). 

Since the data is transmitted after time- 
compressed, data whose transmission rate is from 
1/N to (N-1)/N of the fundamental transmission rate 
can be transmitted by using a single spreading code 30 
and by setting N equal to or greater than 3. One por- 
tion is used for receiving the broadcasting data and 
the remaining (N-1) portions can be used for commu- 
nication. 

Figs. 9A- 9F illustrate the relationships between 35 
frames and packets when the compression ratio N = 
8. Fig. 9B shows the case where data whose trans- 
mission rate is 1/8 of the fundamental transmission 
rate is inputted to the channel input terminal 111 1 of 
the transmitter of Fig. 5. The data corresponding to a 40 
frame is time-compressed to a packet whose 
length is T/8, and is transmitted. Fig. 9C shows the 
case where data whose transmission rate is 1/2 of the 
fundamental transmission rate is inputted to the 
channel input terminal III2 of the transmitter. The 45 
data corresponding to a frame is time-compressed to 
a packet P2 whose length is T/2, and is transmitted. 
Fig. 9D shows the case where data whose transmis- 
sion rate is 1/8 of the fundamental transmission rate 
is inputted to the channel input terminal III3 of the 50 
transmitter. The data corresponding to a frame is 
time-compressed to a packet P3 whose length is T/8, 
and Is transmitted. Fig. 9E shows the case where 
data whose transmisston rate is 1/4 of the fundamen- 
tal transmission rate is inputted to the channel input 55 
terminal III4 of the transmitter. The data correspond- 
ing to a frame is time-compressed to a packet P4 
whose length is T/4, and is transmitted. 



In this case, although the spreading codes Ci - Cn 
inputted to the spreading modulators 114i - 114n dif- 
fer from each other, the same spreading code may be 
consistently used for data inputted to the same chan- 
nel input terminal, or other spreading codes may be 
used. For example, the spreading code C2 may be 
consistently used for the packet P2 of Fig. 9C, or the 
spreading code may be changed for each one of the 
T/N long portions. In addition, the packet P2 may be 
divided into two packets P21 and P22 as shown in Fig. 
9R By thus dividing the transmission data in a frame, 
an advantage of smoothing the interference is ot>- 
tained. 

The division of the transmission data in a frame 
can be carried out by the following procedure. 

(1) Store the input data into a memory in the TCH 
frame thin-out circuit 

(2) Read data in the memory at the fundamental 
transmission rate in the designated time duration 
(=T/N). 

The packets shown in Figs. 9B - 9F are received 
by a mobile station, and restored to the original data 
by the rate conversion. Thus, even if the transmission 
rate of the input data is varied, the data can be trans- 
mitted as long as its transmission rate is equal to or 
less than the fundamental transmission rate. In addi- 
tion, a nnobile station can receive the comnr>on control 
data addressed to itself or to other mobile stations in 
a vacant portion in each frame by switching the 
spreading code for the despreading. at timings as in- 
dicated by broken lines in Figs. 9C - 9F, for example. 

Although data whose transmission rate is lower 
than the fundamental transmission rate is transmit- 
ted through a single channel in this embodiment, the 
number of channels is not restricted to one. For exam- 
ple, although the packet P2 in Fig. 9C is transmitted 
using four T/N long portions in the frame of a single 
channel, it can be transmitted by distributing the 
packet to four channels. In this case, each channel 
transmits the data using one portion in a frame. 

The present invention has been described in de- 
tail with respect to various embodiments, and it will 
now be apparent from the foregoing to those skilled 
in the art that changes and modifications may be 
made without departing from the Invention in its 
broader aspects, and it is the intention, therefore, in 
the appended claims to cover all such changes and 
modifications as fall within the true spirit of the inven- 
tion. 



Claims 

1. A CDMA (Code Division Multiple Access) commu- 
nications method for transmitting transmission 
data through one or more channels between 
base stations and a mobile station, said method 
characterized by comprising the steps of: 
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generating a frame including at least a part 
of said transmission data and a vacant portion 
when a transmission rate of said transmission 
data is lower than a predetermined rate, said va- 
cant portion having no data to be transmitted; 5 

performing a primary modulation of said 
frame to produce a primary nnodulation signal; 

performing a secondary modulation of 
said primary modulation signal using a spreading 
code, to produce a secondary modulated wide- io 
band signal, said spreading code being different 
for each of said channels; and 

transmitting said wideband signal using a 
carrier. 

15 

2. The CDMA communications method as claimed 
in claim 1 , characterized in that said step of gen- 
erating a frame comprises the steps of: 

predetermining a transmission rate higher 
than a minimum transmission rate as a funda- 20 
mental transmission rate; and 

determining a frame length such that the 
frame includes no vacant portion when data is 
transmitted at said fundamental transmission 
rate. 25 

3. The CDMA communication method as claimed in 
daim 2, characterized in that said minimum 
transmission rate is a rate of transmitting a voice 
signal. 30 

4. The CDMA communications method as claimed 
in claim 2, further characterized by comprising 
the step of generating a plurality of frames to be 
assigned to a plurality of said channels when data 35 
Is transmitted at a rate higher than said funda- 
mental transmission rate. 

5. The CDMA communications method as claimed 

in claim 1 , characterized in that said step of gen- 40 
erating a frame comprises the step of time- 
compressing said transmission data by afactorof 
N at every time period T (N is an integer greater 
than one, and T is the length of a frame at said 
fundamental transmission rate) when the trans- 45 
mission rate of said transmission data is 1/N of 
said fundamental transmission rate, thereby pro- 
viding said frame with said vacant portion. 

6. The CDMA communications method as claimed so 
in claim 5, further characterized by comprising 

the steps of: 

obtaining said primary modulation signal 
by receiving a wideband signal associated with 
one of said channels, and by despreading said wi- 55 
deband signal using a spreading code; and 

restoring said transmission data by pri- 
marily demodulating said primary modulation 



signal obtained at the step of obtaining, and by 
time-expanding the demodulation output by a 
factor of N. 

7. The CDMA communications method as claimed 
in claim 6, further characterized by comprising 
the steps of: 

measuring received power of a common 
contnDl channel signal transmitted from a base 
station other than a base station with which the 
mobile station is communicating, by switching 
said spreading code during a time period corre- 
sponding to said vacant portion in said frame; 
and 

deciding during communications a base 
station to which the communication is to be 
switched in accordance with said received power. 

8. The CDMA communications method as claimed 
in claim 6, further characterized by comprising 
the steps of: 

receiving common control channel data 
transmitted from at least one of said base station 
during a time period corresponding to said vacant 
portion of said frame by switching said spreading 
code; and 

demodulating said common control chan- 
nel data. 

9. The CDMA communications method as claimed 
in daim 7, characterized In that said step of gen- 
erating a frame comprises the step of generating 
a frame from said transmission data by using a 
plurality of T/N long portions in said frame, said 
transmission data having a transmission rate 
equal to or less than (N-1)/N times of said funda- 
mental transmission rate of said channel, where 
N is an integer equal to or greater than three. 

10. ACDMA(Code Division Multiple Access) commu- 
nications apparatus for transmitting transmis- 
sion data through one or more channels between 
base stations and a mobile station, said appara- 
tus characterized by comprising: 

means for generating a frame induding at 
least a part of said transmission data and a va- 
cant portion when a transmission rate of said 
transmission data is lower than a predetermined 
rate, said vacant portion having no data to be 
transmitted; 

means for performing a primary modula- 
tion of said frame to produce a primary modula- 
tion signal; 

means for performing a secondary modu- 
lation of said primary modulation signal using a 
spreading code, to produce a secondary modu- 
lated wideband signal, said spreading code being 
different for each of said channels; and 
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means for transmitting said wideband sig- 
nal using a carrier. 

11. The CDMA communications apparatus as 
claimed in claim 10. characterized in that said s 
means for generating a frame comprises: 

means for predetermining a transmission 
rate higher than a minimum transmission rate as 
a fundamental transmission rate; and 

means for determining a frame length io 
such that the frame includes no vacant portion 
when data is transmitted at said fundamental 
transmission rate. 

12. The CDMA communications apparatus as is 
claimed in claim 11, characterized in that said 
minimum transmission rate is a rate of transmit- 
ting a voice signal. 

13. The CDMA communications apparatus as 20 
claimed in claim 11. further characterized by 
comprising means for generating a plurality of 
frames to be assigned to a plurality of said chan- 
nels when data is transmitted at a rate higher 
than said fundamental transmission rate. 25 

14. The CDMA communications apparatus as 
claimed in claim 10, characterized in that said 
means for generating a frame comprises means 

for time-compressing said transmission data by a 30 
factor of N at every time period T (N Is an integer 
greater than one, and T Is the length of a frame 
at said fundamental transmission rate) when the 
transmission rate of said transmission data is 1/N 
of said fundamental transmission rate, thereby 35 
providing said frame with said vacant portion. 

15. The CDMA communications apparatus as 
claimed in claim 14, further characterized by 
comprising: 40 

means for obtaining said primary modula- 
tion signal by receiving a wideband signal asso- 
ciated with one of said channels, and by de- 
spreading said wideband signal using a spread- 
ing code; and 45 

means for restoring said transmission data 
by primarily demodulating said primary nrK)dula- 
tion signal obtained by said means for obtaining, 
and by time-expanding the demodulation output 
by a factor of N. 50 

16. The CDMA communications apparatus as 
claimed in claim 15. further characterized by 
comprising: 

means for measuring received power of a 55 
common control channel signal transmitted from 
a base station other than a base station with 
which the mobile station is communicating, by 



switching said spreading code during a time per- 
iod corresponding to said vacant portion in said 
frame; and 

means for deciding during communica- 
tions a base station to which the communication 
is to be switched In accordance with said received 
power. 

17. The CDMA communications apparatus as 
claimed in claim 15. further characterized by 
comprising: 

means for receiving common control chan- 
nel data transmitted from at least one of said 
base station during a time period corresponding 
to said vacant portion of said frame by switching 
said spreading code; and 

means for demodulating said common 
control channel data. 

18. The CDMA communications apparatus as 
claimed in claim 16. characterized In that said 
means for generating a frame comprises means 
for generating a frame from said transmission 
data by using a plurality of T/N long portions In 
said frame, said transmission data having a 
transmission rate equal to or less than (N-1)/N 
times of said fundamental transmission rate of 
said channel, where N is an integer equal to or 
greater than three. 

19. A CDMA communication method in which data 
representing continuous speech is sampled at a 
first data rate and data is transmitted at a second 
data rate, higher than the first data rate, whereby 
transmission of continuous speech data results 
in gaps in the transmitted data. 

20. A transmitter for CDMA communication, having 
means to sample input speech data at a first data 
rate and means to transmit data at a second data 
rate higher than the f irst data rate, whereby trans- 
mission of continuous speech data results In 
gaps in the transmitted data. 

21. A receiver for CDMA communication, having 
means to receive data at a transmission data 
rate, and means to decode received data with 
gaps into data for continuous speech at a speech 
data rate lower than the transmission data rate. 

22. A CDMA signal carrying continuous voice data at 
a first data rate in the form of data packets at a 
second data rate, higher than the first data rate, 
with gaps between them. 

23. A CDMA communication method comprising 
transmitting data from a transmitter over a first 
code-division channel, the said data having gaps 



3DOCID; <EP 0652650A2_L> 



BNS page 10 



19 EP 0 652 650 A2 

arranged in a predictable manner, receiving the 
data at a receiver, predicting the gaps at the re- 
ceiver, and during the gaps either receiving data 
over another code-division channel or searching 
for another transmitter which can be heard by the 5 
receiver. 

24. A transmitter for CDMA communication, having 
means to transmit data at a first data rate, and 
means to arrange data for transmission, which io 
data has a data rate below the first data rate, into 
data at the first data rate with gaps distributed in 

it according to a predetermined rule. 

25. AreceiverforCDMAtransmission, having means is 
for decoding data received over a code-division 
channel at a first data rate, means for identifying 

that the received data contains gaps and for pre- 
dicting when gaps will occur, and control means 
for controlling the receiver to decode data re- 20 
ceived over a different code-division channel or 
to search for transmissions from a different re- 
ceiver during said gaps. 

26. A CDMA signal carrying data at a first data rate 25 
in the form of data packets at a second data rate, 
higher than the first data rate, with gaps provided 
between packets according to a predetermined 
rule. 

30 
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